The energy consumed by a large pump to transport the water has a dominant role in pumping system and hence the efficiency of the pump is of great concern to both manufacturer and customer in large size pumps. The pumps mostly operate at off-design conditions and hence at lower performance. A little improvement in the efficiency of pump will save huge amount of energy and money. In order to improve performance of double suction centrifugal pump, especially at off-design conditions, systematic and validated computational fluid dynamics (CFD) approach had been used to assess the flow behavior in suction casing, impeller and delivery casing of an existing pump for identification of geometrical locations for performance improvement. The head losses and flow pattern in the individual part of the pump were studied and identified the locations for performance improvement and accordingly, the geometry of pump components and surface roughness were modified. There was an increase of normalized head and efficiency by 4.5% and 3.1% respectively at duty point as compared to the CFD results of existing pump. The substantial increase in head and efficiency was also achieved at off-design conditions for both existing and smooth surfaces.
INTRODUCTION
The double-suction centrifugal pumps are used for conveyance of a large quantity of water through long pipeline and have wide application due to its centrifugal structure with large flow rate, stable running operation and convenient maintenance.
In double suction centrifugal pump, the curved flow passage with two suction intake and presence of rotating blades of impeller make the flow very complex. The designer has to make some assumptions to carry out the design and hence it becomes necessary to predict the pump performance. Computational Fluid Dynamics (CFD) has emerged as a cost effective tool for flow simulation in pumps for obtaining detailed flow behavior and derivation of pump performance. It has minimized the conventional physical pump model tests. The pressure and velocity distribution give a good insight of fluid flow behavior within the flow passage and helps to identify the defects in pump geometry. The Reynolds Averaged Navier Stokes (RANS) equations are solved using numerical techniques like the finite control volume method to obtain pressure and velocity distributions in the flow domain using CFD [ In the present work, the flow simulation in existing double suction horizontal split casing centrifugal pump has been carried out to obtain flow behavior and performance characteristics using commercial CFD code Ansys CFX. The computed head and efficiency from CFD are compared with those derived from experimental results to validate the flow simulation. Based on the flow behavior and loss characteristics, the locations for geometry improvement are identified and then geometries of pump components are modified with the goal to improve the efficiency of pump both at design and offdesign conditions. Surface roughness also plays a significant role in the performance of the pump and hence, in addition to geometry modification, the flow simulation is extended to study the effect of roughness on performance of pump with smooth walls in this paper.
PUMP GEOMETRY AND BOUNDARY CONDITIONS
The geometry of double suction horizontally split case pump consists of double suction, impeller with 5 vanes and a volute delivery casing. The design head and discharge coefficient of pump are 0.433 and 0.223 respectively, with specific speed NSUS 1710. Out of these three components, impeller is rotating and the other two (suction casing and delivery casing) are stationary. Geometric modeling and meshing of all components is done together and interface is given to segregate each domain. The assembled pump geometry for flow simulation is shown in figure1.
Figure 1: Pump Geometry
The geometry is created using Pro Engineer solid modeler. The assembly of pump geometry is imported to ANSYS ICEM CFD16 for geometry cleaning and meshing.
The unstructured hybrid tetrahedral mesh is generated in flow domain and fine prismatic layers near the surface of impeller vanes for proper resolution of the boundary layer. The appropriateness of mesh size has been fixed by mesh independence study. There are 300,000, 1,120,000 and 200,000 nodes in suction casing, impeller and delivery casing respectively.
The outer enclosing surfaces of all components are taken as walls and no slip condition with appropriate wall roughness is given. The modified geometry is also checked for hydro dynamically smooth walls. In this case, the walls are taken as smooth walls. As the velocity distribution at inlet is unknown and hence total pressure at suction inlet and mass flow rate at delivering casing outlet are specified. The interface between rotating and stationary components is taken as a frozen rotor. The rotational speed of the impeller is specified in a rotating frame of reference, while suction and volute 
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PERFORMANCE ANALYSIS OF EXISTING PUMP
The numerical flow simulation in existing is carried out for seven discharge values varying from 2% to 120% of design discharge at constant rotational speed of the pump. The values of the discharge coefficient corresponding to 2%, 20%, 40%, 60%, 80%, 100% and 120% are 0.004, 0.045, 0.089, 0.134, 0.179, 0.223 and 0.268 respectively. The flow simulation is carried out from 2% discharge value because the simulation at zero discharge is not possible.
In experimental results, the measured overall efficiency includes volumetric and mechanical efficiencies and these 
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flows. The hydraulic efficiency is nearly same up to 60% discharge for all turbulence models, but the experimental value near the design point as seen from figure 3.
The hydraulic losses are computed in each component of the pump from CFD results for different discharge and developed, including losses using equations 5, 6, 7 and 8. There is discharge increases from 2% to 60%. The negative value of the loss in suction at 2% discharge in figure 4 indicates that at very low discharge, there can be a lot of variations in loss prediction by CFD in suction passage due to highly circulatory flow at suction. It is seen from figure 4 that RNG κ-ε estimates the slightly higher loss in suction than Standard The loss in casing is also found to decrease with an increase in discharge in figure 6 more loss at higher discharge, while loss prediction by к-ω model is opposite to As seen from figure 8 and figure 9 part load conditions is reduced but deviated at duty point. and hence study state simulation is adopted.
GEOMETRY MODIFICATIONS
The flow simulation of existing pump gave No significant improvement in pump performance could be achieved with modifications Therefore, the final pump design consists of modified
PERFORMANCE ANALYSIS OF
The flow simulation in pump with pump load is 20% of design conditions and hence the re in Table- 
OF MODIFIED PUMP
flow simulation in pump with modified geometry was done to assess its performance design conditions and hence the results for 80%, 100% and 120% were pump. For smooth surface, increase in head and efficiency at duty point was found to be 9.0% and 8.0% respectively. It was also observed that there was a significant increase the head was found to increase with discharge in modified pump. The increase in efficiency with discharge was found to be 2.1% to 3.9% for discharge 80% to 120% for rough surface. In case of smooth surface, i less i.e. 8% at duty point than 80% and 120% discharge i.e. 10.1% and 9.8% respectively.
The best efficiency point for smooth surface effect of smoothening of the surface had had been flat after 80% in the case of smooth surface.
Figure 14:
Design Efficiency Improvement of Double Suction Centrifugal Pump increase in normalized head by 4.5% and normalized efficiency by 3.1% at duty point as compared to results of existing pump. For smooth surface, increase in head and efficiency at duty point was found to be 9.0% and 8.0% respectively. It a significant increase in head and efficiency at off-design conditions. The improvement in was found to increase with discharge in modified pump. The increase in efficiency with discharge was found to be 2.1% to 3.9% for discharge 80% to 120% for rough surface. In case of smooth surface, its improvement was found to be less i.e. 8% at duty point than 80% and 120% discharge i.e. 10.1% and 9.8% respectively. The computed losses in all three components were found to be less in modified pump for load 40% to 120%. At small flow rate, loss prediction by CFD can vary a lot in suction casing. latory flow at suction. There was a drastic drop in loss as discharge increases from zero to and hence it was just reverse of hydraulic efficiency variation.
predictions of double suction horizontal split casing and deviates at off-design conditions. The significant reduction in and efficiency at off-design conditions is achieved after geometry modification in suction and
The performance due to smoothening of surface is found to be Shyam Narayan Shukla, Ruchi Khare & Vishnu Prasad NAAS Rating: 3.11
The pattern of loss in suction, impeller and delivery casing shown figure 14 to figure 16 indicates the losses found to be less in modified pump can vary a lot in suction casing.
in loss as discharge increases from zero to figure 17. It was observed that total for 2% to 60% load while it was more at ing pump closely match with ignificant reduction in losses and is achieved after geometry modification in suction and found to be greatly enhanced. The
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